Core Evidence Place in Therapy Summary for Vedolizumab in Moderate-to-Severe Ulcerative Colitis {#S0001}
===============================================================================================

Outcome MeasureEvidenceImplicationsPatient-oriented evidenceInduction of remissionClearProved by RCT and observational studiesImprovement of clinical responseClearProved by RCT and observational studiesSparing of steroidsClearProved by RCT and observational studiesMaintenance of long-term responseModerateProved by Open-Label Extension Studies. More data requiredPrevention of colectomyNo evidenceLong-term colectomy avoidance data missingImprovement in quality of lifeClearHealth-related quality-of-life improvement were observed in open-label extension studiesEfficacy superior to other therapyModerateComparative studies and network meta-analyses suggest similar efficacy between vedolizumab and TNF antagonists or tofacitinib. Head to head trials are currently underwayDisease-oriented evidenceMucosal healingClearProved by RCT and observational studiesLower incidence of side effectsClearComparable with placeboEfficacy on extraintestinal manifestationsModerateLikely to effective for IBD-associated arthritis or arthralgia. Further studies requiredImprovement of natural history of the diseaseNo evidenceFurther studies requiredEconomic evidenceCost effectivenessConflictingMore data comparing vedolizumab with other biologic therapies are required[^1][^2]

Scope, Aims, and Objective {#S0002}
==========================

The integrin antagonists can selectively inhibit the interaction between the integrins and mucosal adhesion molecules. Thus, such a selective blockade of the integrins can prevent the translocation of the lymphocytes into the inflamed gastrointestinal mucosa, thereby, reducing local inflammation. Vedolizumab (VDZ), a humanized IgG1 monoclonal antibody against α4β7 integrin, inhibits the activity of the α4β7 integrin in the blood vessels; thus, it can exert a therapeutic effect against ulcerative colitis (UC).

This review focuses on the unique mechanism of VDZ and describes its efficacy, safety, and pharmacokinetic and pharmacodynamic data obtained from clinical trials, observational studies, and meta-analyses.

We primarily aimed to evaluate the efficacy and safety of VDZ for the induction and maintenance of remission in patients with UC.

Methodology for Systematic Review {#S0003}
=================================

We performed a systematic search of Pub Med and the Cochrane Library in March 2019 to evaluate and compare the efficacy and safety outcomes of ulcerative colitis treated using VDZ. The search terms that were used included the following: "vedolizumab", "ulcerative colitis", "inflammatory bowel disease", "efficacy", "safety", "adverse events", "infusion reaction", "infection", "surgery or perioperative periods", "pregnancy", "pharmacokinetics", "pharmacodynamics", "immunogenicity", "therapeutic drug monitoring", and "cost effectiveness". Given the large number of studies comparing the efficacy and safety profile, we included not only randomized trials but also real-world evidence. In addition, we searched review articles, conference proceedings, and abstracts to identify additional studies.

We found a total of six randomized trials comparing efficacy and safety profiles; additionally, we identified real-world evidence and systematic reviews on efficacy and safety.

Data extraction: Data from each study were extracted using a standardized data collection form ([Table 1](#T0001){ref-type="table"}). Year of publication, study design, number of cases, total sample size, population type, and relevant clinical outcomes are summarized in [Tables 2](#T0002){ref-type="table"} and [3](#T0003){ref-type="table"} (details shown later). Table 1Evidence Base Included in the ReviewCategoryNumber of RecordsFull PapersAbstractsInitial search5990Records excluded552Records included47Additional studies identified224Total records included694Level 1 clinical evidence(systematic review, meta analysis)90Level 2 clinical evidence (RCT)42Level≧3 clinical evidence312Economic evidence30[^3]Table 2Clinical and Endoscopic Outcomes and Safety Among Patients with UC Treated with Vedolizumab in Randomized Controlled TrialsStudy AuthorYearNo. of PatientsSetting of TrialTreatment ArmsClinical Response (%)Clinical Remission (%)CS-Free Remission\
(%)Mucosal Healing (%)SafetyFeagan[@CIT0027]200029Induction (phaseⅠb/Ⅱa)0.15mg/kg (SC)\
0.15mg/kg (IV)\
0.5mg/kg (IV)\
2.0mg/kg (IV)\
Placebo―Vedolizumab group 10 (30day)\
Placebo group 0 (30day)―Vedolizumab group 10 (30day)\
Placebo group 0 (30day)―Feagan[@CIT0028]2005181Induction (phaseⅡ)2mg/kg\
0.5mg/kg\
Placebo53 (6wk)\
66 (6wk)\
33 (6wk)32 (6wk)\
33 (6wk)\
14 (6wk)―12 (6wk)\
28 (6wk)\
8 (6wk)(SAE)\
Vedolizumab group:18/118 (15%)\
Placebo group:6/63 (9.5%)Parikh[@CIT0029]201246Induction (phaseⅡ)10mg/kg\
6mg/kg\
2mg/kg\
PlaceboVedolizumab group\
57 (6wk)\
Placebo group\
33 (6wk)Vedolizumab group\
58 (6wk)\
Placebo group\
50 (6wk)――(AE)\
Vedolizumab group: 24/37 (65%)\
Placebo group: 7/9 (78%)\
(SAE)\
Vedolizumab group: 2/37 (5.4%)\
Placebo group: 0/9 (0%)Feagan[@CIT0031]\
(GEMINIⅠ)2013374Induction (phaseⅢ)300mg\
Placebo47.1 (6wk)\
25.5 (6wk)16.9 (6wk)\
5.4 (6wk)―\
―40.9 (6wk)\
24.8 (6wk)(SAE)\
Vedolizumab group: 77/620 (12.4%)\
Placebo group: 37/275 (13.5%)373Maintenance (phaseⅢ)300mg 4weekly\
300mg 8weekly\
Placebo―\
―\
―44.8 (52wk)\
41.8 (52wk)\
15.9 (52wk)45.2 (52wk)\
31.4 (52wk)\
13.9 (52wk)56.0 (52wk)\
51.6 (52wk)\
19.8 (52wk)[^4]Table 3Clinical and Endoscopic Outcomes Among Patients with Vedolizumab in Real World Evidence of Ulcerative Colitis Results at Week 14Study AuthorCountryYearsNo. of PatientsSetting of TrialWeek14 Response Rate (％)Week14 Remission Rate (％)Week14 CS-Free Remission rate (％)Week14 CS-Free Response Rate (%)Mucosal Healing (％)Amiot[@CIT0036]France2017121Prospective5739365054.8　(30～52wk)Baumgart[@CIT0037]Germany2016115Prospective57.423.519.1NRNRKopylov[@CIT0038]Israel201774 (＋IBDU)Prospective43.228.424.3NRNRShelton[@CIT0039]US, Boston201565 (＋IBDU)Prospective53.529.323.1NRNRVivio[@CIT0040]US, Saint Louis201615Ret＋proNR53NRNRNRSamaan[@CIT0041]United Kingdom201718Prospective553933NRNR[^5] Table 4Association of Serum Vedolizumab Concentration Thresholds with Therapeutic Outcomes in Ulcerative ColitisStudy AuthorYearsSetting of TrialTDM AssayAssay TypeTime PointThreshold (μg/mL)Therapeutic OutcomeDreesen[@CIT0046]2018RetrospectiveELISALeuven assayInduction (w2)\
Induction (w2)\
Induction (w6)\
Post-induction (w14)\
Post-induction (w14)\>28.9\
\>23.7\
\>20.8\
\>12.6\
\>17Clinical response (w14)\
Mucosal healing (w14)\
Clinical response (w14)\
Clinical response (w14)\
Mucosal healing (w14)Yacoub[@CIT0049]2018ProspectiveELISATheradiagInduction (w6)\>18Mucosal healing (within w54)Williet[@CIT0052]2017ProspectiveELISATheradiagInduction (w2)\
Induction (w6)\
Induction (w6)≥ 24.5\
≥ 18.5\
\>27.5No drug optimization (within w24)\
No need for extended therapy\
Sustained clinical response

Disease Overview of Ulcerative Colitis {#S0004}
======================================

Crohn's disease (CD) and ulcerative colitis (UC), the two major types of inflammatory bowel disease (IBD), are chronic remitting/relapsing conditions, which result from uncontrolled inflammation of the intestinal mucosa.[@CIT0004]--[@CIT0006] UC is a diffuse, non-specific inflammatory disease of unknown cause. It is characterized by persistent irritation of the colonic and rectal mucosa, resulting in the formation of erosions and/or ulcers, which can lead to various clinical symptoms. As UC commonly occurs at a younger age, quality of life (QOL) is often impaired in patients with UC who present with symptoms such as abdominal pain, diarrhea, and bloody stool. UC chronically progresses with repeated cycles of relapse and remission. Extraintestinal manifestations (EIM) may develop in various organs, such as the joints, skin, and eyes of patients with UC. Although the cause of IBD remains unknown, there is an international consensus that inflammation is associated with a genetic predisposition as a result of impaired regulatory mechanisms by which various environmental factors are involved in the intestinal mucosal immune system. Considering that a slightly higher prevalence of IBD has been reported in blood-relatives, there is a possibility that genetic factors may be involved in the pathogenesis of IBD. However, consistent results have not been obtained, to date, in populations from around the world. Moreover, extensive research is ongoing to identify disease susceptibility genes.

Because the pathophysiology of IBD is complicated, accurately determining the disease condition is essential to plan the appropriate treatment, which for UC varies depending on the stage, extent, and severity of the disease. The pathologic stage of UC is commonly classified as either active (in which the patients complain of bloody stools, and the endoscopy reveals the loss of vascular pattern with the occurrence of friable mucosa, erosions, and/or ulcers) or remission (in which the incidence of bloody stools has been resolved and the endoscopy reveals the reappearance of the vascular pattern and the loss of the friable mucosa, erosions, and/or ulcers). In addition, UC can be divided into the following types depending on the extent of the lesions: proctitis, distal colitis, left-sided colitis, and pancolitis. Using the Trulove--Witts score,[@CIT0007] the severity of UC is graded as "mild," "moderate," or "severe" according to the frequency of defecation and bloody stools and systemic symptoms such as fever, palpitation, and anemia.

Endoscopic evaluation of the severity of intestinal damage is essential to determining the outcome of UC treatment. Among endoscopic indices for UC, the Mayo endoscopic subscore[@CIT0008] has been widely used in clinical trials. Mucosal healing is reportedly scored as 0 (normal or inactive disease) or 1 (mild disease: erythema, decreased vascular pattern, and mild friability). Endoscopic evaluation of mucosal healing is a useful procedure that allows the determination of appropriate treatment for the maintenance of remission and prediction of UC relapse, although controversies remain regarding the precise definition of mucosal healing, including histological findings.

Overview of Current Therapy ([Figure 1](#F0001){ref-type="fig"}) {#S0005}
================================================================

Preparations of 5-aminosalicylic acid are effective in inducing and maintaining remission of UC. Corticosteroids with potent anti-inflammatory properties also effectively induce remission in patients with UC. Azathioprine and 6-mercaptopurine contribute to preventing relapse in patients with UC in remission, especially in those dependent on steroids or those in whom remission cannot be maintained with 5-aminosalicylic acid preparations.[@CIT0004]--[@CIT0006] According to meta-analyses and randomized controlled trials (RCTs), the use of infliximab (IFX)[@CIT0009],[@CIT0010] and adalimumab (ADA)[@CIT0010],[@CIT0011] plays an important role in inducing remission in patients with steroid-refractory or steroid-dependent moderate-to-severe UC. A report has shown that secondary loss of response may occur in approximately 60% of patients who have responded to anti-tumor necrosis factor (TNF) agents during an approximately 5-year follow-up period.[@CIT0012] A meta-analysis in 2011 assessing the side effects of IFX, which was used as remission induction therapy for UC, found no statistically significant differences in the incidence of infusion reactions, injection site reactions, headaches, skin lesions, or arthralgia between the IFX treated and placebo groups.[@CIT0012],[@CIT0013]Figure 1Overview of current therapy.

In both UC and CD, surgery is required to avoid life-threatening complications when patients develop severe disease refractory to drug therapy.[@CIT0009],[@CIT0010] Further, patients whose QOL is severely impaired owing to IBD symptoms, EIMs, or drug side effects may be candidates for surgery.[@CIT0013] Postoperative resolution of these symptoms can improve patients' QOL.[@CIT0014]

Unfortunately, patients with IBD who have been previously treated with anti-TNF-α agents are predisposed to either primary non-response or secondary loss of response.[@CIT0010],[@CIT0012] Moreover, considering that these drugs have been associated with an increased risk of developing serious adverse events, including infections, a substantial proportion of patients require alternative therapeutic options. A novel IBD therapy with better safety profiles is thus warranted.

Clinical Evidence of Vedolizumab Use in UC {#S0006}
==========================================

Mechanism of Action of Vedolizumab {#S0006-S2001}
----------------------------------

VDZ, which is a fully humanized monoclonal IgG1 antibody, selectively inhibits the interaction between α4β7 integrin and mucosal address in cell adhesion molecule-1 (MAdCAM-1). It exerts a preventative effect on lymphocyte translocation from the blood to the inflamed gut tissue, thereby reducing local inflammation.[@CIT0015],[@CIT0016] ([Figure 2](#F0002){ref-type="fig"})Figure 2A mechanism of action of vedolizumab.

Natalizumab, the first integrin antagonist, is a humanized IgG4 monoclonal antibody, eventually inhibiting α4 integrin. It was approved in 2008 for the treatment of CD. However, the widespread use of natalizumab was limited owing to the associated increased incidence of progressive multifocal leukoencephalopathy (PML), a rare but fatal demyelinating disease of the central nervous system caused by the opportunistic human polyoma John Cunningham (JC) virus.[@CIT0017],[@CIT0018] Natalizumab inhibits not only α4β7, which is expressed on T lymphocytes in the inflamed gut, but also α4β1, which mediates lymphocyte homing exclusively in the central nervous system. This process disrupts immune surveillance in the kidney and blocks T-cell trafficking to the brain, ultimately leading to reactivation of the JC virus.[@CIT0017],[@CIT0019],[@CIT0020] Considering its unique mechanism of action, it is unlikely that the therapeutic use of VDZ would be associated with the risk of developing PML.[@CIT0021]--[@CIT0026]

Randomized Controlled Trials {#S0006-S2002}
----------------------------

### Phase I Trial {#S0006-S2002-S3001}

In 2000, Feagan et al conducted a phase Ib/IIa proof-of-concept RCT involving 29 patients with moderate-to-severe UC; the patients were assigned to receive either LPD-02 a humanized monoclonal antibody to α4β7 derived from an NS0 mouse myeloma cell line or a placebo in single doses.[@CIT0027] They found that 40% of patients in the LPD-02 group (0.5 mg/kg) achieved deep remission whereas no patients in the placebo group achieved remission.

### Phase II Trials {#S0006-S2002-S3002}

In 2005, Feagan et al conducted a multicenter, double-blind, placebo-controlled trial of α4β7 antibody (MLN02) in 181 patients with active UC.[@CIT0028] In this trial, patients with moderate-to-severe disease were administered 0.5 mg/kg MLN02, 2.0 mg/kg MLN02, or a placebo intravenously on days 1 and 29. At 6 weeks after starting therapy, the remission rates were higher in the treatment groups than in the placebo group for both those with clinical remission (0.5 mg/kg, 33%; 2 mg/kg, 32%; placebo, 14%; *p* = 0.03) and those with endoscopic remission (0.5 mg/kg, 28%; 2 mg/kg, 12%; placebo, 8%; *p* = 0.007).

Parikh et al conducted a further phase II dose ranging, randomized controlled trial involving 47 patients with UC in 2012.[@CIT0029] The patients were randomly assigned to receive either VDZ (n = 38) (2 mg/kg \[n =13\], 6 mg/kg \[n = 14\], or 10 mg/kg \[n = 11\]) or a placebo (n = 9) on days 1, 15, 29, and 85, with a follow-up period of 253 days. The doses of VDZ used in this study were higher and the frequency between doses was shorter than that in previous trials. The clinical response rate in the VDZ groups exceeded 50% between day 29 and day 253, as compared with 22--33% in the placebo group. For patients with active disease at baseline, the clinical remission rate ranged from 53% to 79% in the VDZ groups, as compared with 25% to 50% in the placebo group. Fecal calprotectin levels were also shown to be reduced in the VDZ groups compared to those in the placebo group.[@CIT0029] During the follow-up, a greater proportion of patients treated with VDZ showed clinical response than those who were assigned to placebo.[@CIT0030]

### Phase III Trial {#S0006-S2002-S3003}

Feagan et al reported the results of the GEMINI 1 trial in 2013.[@CIT0031] This was a Phase III, randomized, double-blind, placebo-controlled study investigating the efficacy, safety, and tolerability of VDZ (MLN002) as an induction and maintenance therapy in patients with moderate-to-severe UC. The patients were randomly assigned to receive a single dose of VDZ (300 mg IV) or a placebo on days 1 and 15. At week 6, there were statistically significant differences between the VDZ and placebo groups regarding clinical response (47.1% vs 25.5%, *p* \< 0.001), clinical remission (16.9% vs 5.4%, *p* = 0.001), and mucosal healing (40.9% vs 24.8%, *p* = 0.001) rates. Clinical responders at week 6, in addition to patients who responded to open-label VDZ induction therapy, were enrolled in the maintenance trial and received VDZ or a placebo every 4 or 8 weeks until week 52. The VDZ groups were superior to the placebo group in terms of clinical remission (VDZ \[every 8 weeks\], 41.8%, *p* \< 0.001; VDZ \[every 4 weeks\], 44.8%, *p* \< 0.001; placebo, 15.9%) and mucosal healing rates. An open-label long-term extension study showed a higher rate of clinical response (98%) and remission (90%) at week 248 among the patients who had responded to induction therapy and finished GEMINI 1 maintenance trial.[@CIT0032]

In 2019, Motoya et al conducted a phase III, randomized, double-blind, placebo-controlled trial of VDZ in Japanese patients with moderate to severe UC.[@CIT0033] Exploratory analyses of GEMINI 1 suggested that greater efficacy may have been obtained with a longer induction treatment.[@CIT0031] However, thus far, the efficacy of VDZ at \>6 weeks induction was not investigated as a primary endpoint. Therefore, in this Japanese population trial, the primary endpoint was clinical response at week 10, for the induction phase, and clinical remission at week 60, for the maintenance phase. A total of 292 patients were enrolled in the induction phase; of these, 83 patients achieved a response to VDZ and were subsequently enrolled in the maintenance phase. Clinical response rates at week 10 were 39.6% and 32.9% in the VDZ and placebo groups, respectively (adjusted odds ratio = 1.37, 95% confidence interval (CI) 0.779--2.399; *p* = 0.2722). In the maintenance phase, clinical remission rate at week 60 was significantly higher in the VDZ group, at 56.1%, versus the placebo group, at 31.0% (adjusted odds ratio = 2.88, 95% CI 1.168--7.108; *p* = 0.0210). This RCT had a primary endpoint at week 10; hence, comparison with other RCTs is difficult.

Systematic Review and Meta-Analysis {#S0006-S2003}
-----------------------------------

Systematic review and meta-analysis of the aforementioned RCTs[@CIT0027]--[@CIT0029],[@CIT0031] were conducted by Mosli et al and Bickston et al.[@CIT0001],[@CIT0034] In a pooled analysis involving patients with active UC, VDZ was superior to a placebo for the induction of clinical remission (relative risk \[RR\] 0.86, 95% CI 0.80--0.91), clinical response (RR 0.82, 95% CI 0.75--0.91), and endoscopic remission (RR 0.82, 95% CI 0.75--0.91). Furthermore, maintenance therapy with VDZ achieved better clinical remission (RR 2.73, 95% CI 1.78--4.18) and endoscopic remission (RR 2.71, 95% CI 1.88--3.93) than a placebo.

Real-World Evidence {#S0006-S2004}
-------------------

Since regulatory approval of VDZ in 2014, the drug has been widely used in clinical settings for the treatment of both UC and CD. Now, data from multiple real-world cohorts are available. In 2018, Schreiber et al reported a systematic review with meta-analysis to assess the real-world effectiveness and safety of VDZ in patients with UC or CD.[@CIT0035] Clinical remission rates for the treatment of UC were 24% at week 6 (95% CI 13--41%) and 32% at week 14 (95% CI 27--39%), increasing to 39% at 6 months (95% CI 30--48%) and 46% at 12 months (95% CI 37--56%). Clinical response rates for the treatment of UC were 43% at week 6 (95% CI 38--49%), 56% at week 14 (95% CI 50--62%), and 52% at 12 months (95% CI 37--65%). In patients with UC, corticosteroid-free clinical remission rates were 14% at week 6 (95% CI 6--32%), 26% at week 14 (95% CI 20--34%), and 32% at 6 months (95% CI 21--45%), with the rate increasing to 42% at 12 months (95% CI 31--53%). At month 12, the rate of mucosal healing ranged from 33% to 77% in patients with UC. In biologic-naïve patients with UC, clinical remission was achieved in 51% of patients at week 14 (95% CI 40--62%) and 61% of patients at 12 months (95% CI 48--72%). Subgroup analyses involving biologic-naïve patients with UC treated with VDZ have shown that their remission rates were substantially improved as compared to that of the overall patient population.[@CIT0035]--[@CIT0041]

Another study of open-label VDZ therapy, conducted by Narula et al, reported results from the multicenter hospital-based US VICTORY (Vedolizumab for Health Outcomes in Inflammatory Bowel Disease) consortium to evaluate outcomes in 321 VDZ-treated patients with UC, the majority of whom (71%) had failed treatment with a TNF antagonist. The 12-month cumulative rate was 51% for clinical remission and 41% for endoscopic remission. Corresponding rates for corticosteroid-free remission and deep remission were 37% and 30%, respectively. On multivariable analyses, prior exposure to a TNF-α antagonist was associated with a reduced probability of achieving clinical remission (HR 0.53, 95% CI 0.38--0.75) and endoscopic remission (HR 0.51, 95% CI 0.29--0.88). Overall cumulative rates of colectomy over 12 months were 13%, with lower rates observed in patients naive to anti-TNF-α therapy (2%) than in those who had been exposed to TNF-α antagonists (19%).[@CIT0042] Taken together, these open-label studies have shown that VDZ is likely more effective in patients with UC who are naive to TNF antagonists, while a significant proportion of patients previously treated with TNF antagonists can also achieve important clinical and endoscopic outcomes over time when treated with VDZ.

Pharmacokinetics, Pharmacodynamics, and Immunogenicity {#S0006-S2005}
------------------------------------------------------

One study evaluated the pharmacokinetic profile of VDZ in patients with IBD and healthy volunteers using a two-compartment model (parallel components of linear and nonlinear elimination).[@CIT0043] The linear elimination half-life of VDZ was estimated to be 25.5 days, with linear clearance values of 0.159 L/day for UC and 0.155 L/day for CD.[@CIT0026],[@CIT0043] Based on pooled population data from the GEMINI program, both a low albumin concentration and very high body mass were identified as predictors of accelerated VDZ clearance.[@CIT0044] Indeed, real-world studies have suggested these factors to be clinically important, linking them with lower drug levels and worse therapeutic outcomes.[@CIT0045]--[@CIT0047]

In GEMINI 1, the immunogenicity of VDZ was low; 3.7% of patients had at least one positive sample testing for anti-VDZ antibodies at any time and 1% of patients persistently tested positive for anti-VDZ antibodies.[@CIT0031] This has been confirmed even in a real-world cohort using a drug-resistance assay.[@CIT0048] This might explain why the addition of an immunomodulator to VDZ therapy may neither enhance drug levels nor restore therapeutic response.[@CIT0049]

Emerging evidence supports that serum VDZ concentrations are associated with efficacy. The GEMINI 1 trial showed that clinical response and remission rates were higher with increased serum concentrations of VDZ.[@CIT0031] An exposure--response analysis of VDZ from these clinical studies revealed that the probability rates of clinical remission, clinical response, and mucosal healing increased by 31%, 34%, and 43%, respectively, in patients with UC at week 6, from concentration quartiles 1 to 4.[@CIT0031],[@CIT0050],[@CIT0051]

Several cohort studies have shown a positive relationship between VDZ serum concentrations and efficacy outcomes ([Table 4](#T0004){ref-type="table"}).[@CIT0046],[@CIT0049]-[@CIT0054] Dreesen et al conducted a study involving 179 patients (66 with UC, 113 with CD) reporting that thresholds of \>30.0 μg/mL at week 2, \>24.0 μg/mL at week 6, and \>14.0 μg/mL during maintenance therapy were associated with a higher probability of attaining effectiveness endpoints.[@CIT0026],[@CIT0046] Similarly, Yacoub et al reported the outcomes of 82 patients (43 with UC and 39 with CD); a VDZ serum concentration of \>18 μg/mL at week 6 led to mucosal healing in the first year of therapy.[@CIT0049] Finally, according to multicentric data from a study conducted by Williet et al in France, when VDZ trough levels were below 18.5 μg/mL at week 6, additional doses were required during the first 6 months of therapy.[@CIT0052] Pouillon et al summarized in his review using accumulating evidence from clinical trials, in addition to real-world data, suggests an exposure--efficacy relationship in the treatment of UC with VDZ, although these results are not as straightforward as those for anti-TNF-α therapy.[@CIT0047] Although the exposure-outcome relationship of VDZ has been demonstrated, the time to assess the drug concentrations and the related therapeutic drug window for VDZ remains undefined. As stated by Pouillon et al, prior to the recommendation of therapeutic monitoring of VDZ, prospective studies are required to explore the effect of dose optimization on objective disease markers and changes in drug levels of VDZ.[@CIT0047] In a consensus meeting that was held to gather expert opinion regarding the clinical utility of TDM for biologic therapies in IBD, Papamichael and colleagues proposed[@CIT0055] the following recommendations regarding the use of TDM in VDZ: (1) It is appropriate to order drug/antibody concentration testing for vedolizumab in non-responders at the end of induction. (2) It is appropriate to order drug/antibody concentration testing for vedolizumab in patients with confirmed secondary loss of response. (3) Although there are emerging data that may show an association between drug concentrations and outcomes, they are not sufficient to guide specific induction and maintenance drug concentrations for vedolizumab and ustekinumab other than confirming that there is detectable drug.[@CIT0055]

General Safety {#S0006-S2006}
--------------

In Feagan's pivotal study (GEMINI 1, 2013), 374 patients with UC were randomized to receive either a 300 mg intravenous dose of VDZ (n = 225) or a placebo (n = 149). The follow-up period was 52 weeks.[@CIT0031] No important differences were observed among the study groups in the most commonly reported adverse events. Serious infections were not more common with VDZ than with placebo. No cases of PML occurred. No significant differences in hematologic or serum chemical profiles or liver function test results were identified among the study groups. Unlike other anti-integrin therapeutic regimens, VDZ treatment did not increase peripheral-blood total lymphocyte counts. Clinically important infusion reactions were few.[@CIT0031]

Bickston et al conducted a systematic review of moderate-to-high quality data from four studies.[@CIT0001] Based on these studies, the incidence of adverse events in the patients treated with VDZ was found to be comparable to that in the patients treated with the placebo. Two studies examined the proportion of patients who experienced at least one adverse event.[@CIT0029],[@CIT0031] According to the results of a pooled analysis of these studies (n = 941 patients), there was no statistically significant difference in the incidence of adverse events between patients administered VDZ and a placebo. At least one adverse event was experienced by 79% of patients administered VDZ compared to 80% of patients administered placebo (RR 0.99, 95% CI 0.93 to 1.07). Two studies reported withdrawals owing to adverse events as an outcome.[@CIT0029],[@CIT0031] A pooled analysis from these studies involving 941 patients showed that drug withdrawal owing to adverse events was less in patients administered VDZ than that in patients administered a placebo. A further pooled analysis of 1122 patients from three studies[@CIT0028],[@CIT0029],[@CIT0031] showed that VDZ was not significantly associated with an increased likelihood of serious adverse events. The incidence of serious adverse events was 12% in both groups of patients treated with VDZ and a placebo (RR 1.01, 95% CI 0.73 to 1.42).[@CIT0028],[@CIT0029],[@CIT0031] Commonly reported adverse events in the Parikh et al (2012) study included: headache, worsening UC, upper respiratory tract infection, and nasopharyngitis; none of the patients showed systemic opportunistic infections or neoplasms.[@CIT0029] Common adverse events reported in the GEMINI 1 study[@CIT0031] were worsening UC, headache, nasopharyngitis, arthralgia, upper respiratory tract infection, nausea, cough, anemia, abdominal pain, fatigue, and influenza. Serious adverse events included the exacerbation of colitis, infusion reaction with angioedema, infection, nausea and vomiting, and degenerative disk disease, as reported by Feagan et al (2005),[@CIT0028] and compression fractures of the thoracic vertebrae and gastroduodenitis, as reported by Parikh et al (2012).[@CIT0029] There were no reports of PML in any of the four studies.[@CIT0027]--[@CIT0029],[@CIT0031]

Safety data (May 2009--June 2013) from six trials of VDZ were integrated by Colombel et al.[@CIT0002] In total, 2830 patients had 4811 PYs of VDZ exposure. No increased risk of any infection or serious infection was associated with VDZ exposure. Serious clostridial infections, sepsis, and tuberculosis were reported infrequently (≤0.6% of patients). No cases of PML were observed. Independent risk factors for serious infection in UC included prior failure of TNF-α antagonist therapy (HR, 1.99; 95% CI 1.16 to 3.42; *p* = 0.0122) and narcotic analgesic use (HR, 2.68; 95% CI 1.57 to 4.58; *p* = 0.0003). Investigator-defined infusion-related reactions were reported for ≤5% of patients in each study. Eighteen VDZ-exposed patients (\<1%) were diagnosed with a malignancy. Thus, it was concluded that the integrated clinical trial data set of 2932 patients with moderately to severely active UC or CD provides evidence that there are no significant safety concerns associated with VDZ treatment. VDZ offers a gut-selective mechanism of action without any clear increase in the risk of serious systemic opportunistic infections or other common complications.

The VICTORY consortium reported the safety data from 321 patients with UC.[@CIT0042] Serious infections (defined as those requiring treatment with antibiotics or resulting in discontinuation of VDZ therapy, hospitalization, or death) and serious adverse events (defined as contracting a serious infection or having a non-infectious complication, resulting in the discontinuation of VDZ therapy, hospitalization, or death) were reported in 4% and 6% of the cases, respectively.[@CIT0042]

Schreiber et al reviewed real-world safety outcomes from 46 studies over a VDZ exposure/follow-up period of 0.5--12 months.[@CIT0035] Real-world safety data were consistent with those from the GEMINI trials, and no new or unexpected safety signals emerged.[@CIT0035] Real-world data are helpful for determining the effectiveness of VDZ in clinical settings representative of heterogenous and more complex patient populations. The safety data presented may support the positive long-term risk--benefit profile of VDZ in the treatment of IBD.

### EIM {#S0006-S2006-S3001}

Feagan et al have performed post hoc analyses of data from the GEMINI studies to evaluate the effect of VDZ on arthritis/arthralgia.[@CIT0056] In this study, sustained resolution of baseline arthritis/arthralgia, worsening, and the occurrence of new arthritis/arthralgia were evaluated. In patients with UC, VDZ and placebo showed a similar incidence of new/worsening of arthritis/arthralgia. Thus, they concluded that VDZ therapy was associated with no increased incidence of these EIM events in UC. Dubinsky et al researched the incidence rates of EIMs in two cohorts.[@CIT0057] Descriptive analyses were performed and generalized linear models estimated the impact of treatment on the likelihood of developing EIMs. Patients with UC receiving VDZ did not exhibit a statistically significant increase in any EIMs versus patients receiving anti-TNFs; however, they were more likely to develop specific EIMs (aphthous stomatitis, pyoderma gangrenosum, and PSC). They concluded that patients with IBD receiving VDZ may be more likely to develop EIMs versus patients receiving anti-TNF therapies. The gut-selective inflammatory control of VDZ may potentially limit its clinical effect on the prevention of EIMs.

Safety in the Perioperative Period {#S0006-S2007}
----------------------------------

VDZ is typically considered to be a safe drug, but its effects when administered perioperatively are unknown.[@CIT0058] VDZ targets leukocytes; therefore, there are concerns that it would increase postoperative infectious complications. A recent meta-analysis focused on the impact of preoperative VDZ treatment on the rate of postoperative complications in real-world patients with IBD. They reviewed five studies and analyzed 307 patients receiving VDZ, 490 patients receiving anti-TNF therapy, and 535 patients not receiving preoperative biologic therapy.[@CIT0059] They found that VDZ did not significantly increase the risk of postoperative infection or complications in patients with IBD undergoing abdominal surgery.[@CIT0059] Yung et al analyzed four studies including 1080 patients and found no significant differences between patients with IBD receiving VDZ or anti-TNF therapy preoperatively.[@CIT0060] Additionally, they found that patients with UC who received VDZ had significantly fewer complications than similar patients who received anti-TNF therapy. VDZ is considered to be related to an increase in postoperative infectious complications in patients with CD; however, according to Lightner et al such patients warrant further study because they were receiving multiple drug therapies, including corticosteroids.[@CIT0061] In another study, Lightner et al examined 146 patients who received VDZ within 121 weeks of abdominal surgery and 289 patients who received anti-TNF therapy.[@CIT0062] They found that patients receiving VDZ exhibited higher incidence of surgical site infections; however, patients receiving VDZ often received corticosteroid therapy up to 12 weeks preoperatively. At present, VDZ does not appear to increase the risk of postoperative complications compared to other biologic therapies.

Safety During Pregnancy {#S0006-S2008}
-----------------------

There are important issues that need to be addressed regarding the treatment of IBD during pregnancy or when pregnancy is planned. Mainly, there could be effects on IBD activity due to pregnancy and effects on the fetus due to treatment. VDZ is a humanized monoclonal IgG1 antibody to the α4β7 integrin that does not cross the blood-brain barrier and is classified as pregnancy risk B. It has not been shown to be associated with PML.[@CIT0063] Mahadevan et al reported that among 24 VDZ-treated females (23 with CD/UC, 1 healthy volunteer), there were 11 live births, 5 elective terminations, 4 spontaneous abortions, and 4 undocumented outcomes. A congenital corpus callosum agenesis anomaly was reported in one live birth from a healthy volunteer with extensive obstetric history of exposure to single-dose VDZ 79 days before estimated conception.[@CIT0064] Moens et al reported a retrospective study that evaluated pregnancy outcomes in 24 VDZ-treated female patients with IBD. Complications were observed in 25% of pregnancies (premature rupture of membranes, pre-eclampsia, miscarriage, elective termination, and stillbirth) and 35% of infants (prematurity, intra-uterine growth retardation, small for gestational age, and congenital malformations, including hip dysplasia, pulmonary valve stenosis, and Hirschsprung's disease). For live born children, the median (interquartile range) gestational age, weight, and Apgar score 5 min after birth were 39 weeks, 3270 g, and 10, respectively.[@CIT0065] VDZ has a longer half-life than ADA or IFX and would theoretically result in significant concentrations in the neonate, even if VDZ was discontinued in the third trimester.[@CIT0066] Lahat et al reported a prospective observational study of VDZ-treated breastfeeding patients with IBD. VDZ can be detected in the breast milk of nursing mothers. VDZ was measurable in all lactating women who received VDZ (n = 5). However, on serial measurements in breast milk after an infusion, drug levels did not surpass 480 ng/mL, which was roughly 1/100 of the comparable serum levels. Thus, they concluded that the concentrations of VDZ in breast milk are minute and, therefore, unlikely to result in systemic or gastrointestinal immunosuppression of the infant.[@CIT0067] Clearly, more information is needed about the safety of VDZ in pregnancy; however, given the mechanism of action and limited immunosuppression associated with use, the risk is likely to be low. VDZ should only be used in pregnancy if the benefits for the mother outweigh the potential risks for the mother and child.

Place in Therapy {#S0007}
================

A network meta-analysis of RCTs involving patients with UC determined that VDZ ranked high for the induction of clinical remission and mucosal healing in biologic-naïve patients.[@CIT0068] For biologic-experienced patients, low-quality evidence supported the use of VDZ. Unlike other evaluated agents, VDZ did not carry an increased risk of infection. Allamneni et al conducted an ambidirectional cohort study, in patients with moderate to severe UC, comparing the rates of clinical response to induction by VDZ versus IFX.[@CIT0069] This study revealed an overall numerically higher proportion of patients who responded to VDZ than IFX induction among patients who had moderately to severely active UC. However, when adjusting for time between induction and assessment of clinical response, the rates of clinical response were similar. A key difference between the two groups was the higher response rate in the VDZ group among anti-TNF agent-experienced patients.

Recently, a prospective head-to-head study of VDZ and ADA, called VARSITY, was conducted by Schreiber and colleagues.[@CIT0070] This was a phase IIIb, double-blind, double-dummy, multicenter, active-controlled trial; patients with moderate-to-severe active UC who had failed other conventional therapies (NCT02497469) were enrolled. Prior TNF antagonist exposure was capped at 25% of the patient population. Patients were randomized 1:1 to receive either active VDZ intravenous (IV) infusions (300 mg)/placebo subcutaneous (SC) injections or placebo IV infusions/active ADA SC injections (160/80/40 mg). The primary endpoint was clinical remission (a complete Mayo score ≤ 2) with no sub-score \> 1 at week 52. In total, 769 patients were randomly assigned to VDZ (n = 383) or ADA (n = 386) at 330 sites in 37 countries and received at least one dose of the study drug. At week 52, patients in the VDZ group showed significantly higher rates of clinical remission (primary endpoint) and mucosal healing, and both VDZ and ADA were generally safe and well tolerated in patients with moderate-to-severe active UC. The study results could alter the positioning of VDZ as the first or second line of treatment in the near future.

Conflicting data have been reported regarding the cost-effectiveness of VDZ compared with anti-TNF agents. Wilson et al examined the clinical and economic impact of VDZ compared with IFX, ADA, and golimumab in the treatment of moderately to severely active UC in the United Kingdom.[@CIT0071] Compared with the other biologics, VDZ was the more effective treatment. When considering costs and a lifetime time horizon, VDZ was dominant (more effective and less costly) compared with all other biologics. Trigo-Vicente et al conducted cost-effectiveness analysis of IFX, ADA, golimumab, and VDZ for moderate to severe UC in Spain.[@CIT0072] Among the drugs studied, ADA was the most cost-effective drug for the treatment of moderate to severe UC. In the UK, NICE guidelines allow the use of VDZ as the first line of treatment in patients with moderate to severe UC[@CIT0073] considering cost-effectiveness. There is a need for further research comparing VDZ with other biologic therapies, which may alter the perceptions of cost-effectiveness. Finally, VDZ with a high therapeutic index can be used as a gut-specific agent for either first- or second-line biologic treatment of UC.

Conclusions {#S0008}
===========

The efficacy of VDZ for UC has been proven in both the randomized controlled and real-world trials. VDZ is effective both as a first-line therapy and when given after failure of anti-TNFα agents. Considering that VDZ has a safety profile comparable to the placebo, it may have advantages over the other treatments if safety profiles must be taken into consideration. A prospective, direct comparison study of VDZ with the other therapeutic agents can further clarify the positioning of VDZ. Although the exposure-outcome relationship of VDZ has been demonstrated, the time to assess the drug concentrations and the related therapeutic drug window for VDZ remains undefined. To use VDZ more effectively, prospective interventional trials are needed to establish TDM in VDZ.
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[^1]: **Note:** Data from these studies.[@CIT0001]--[@CIT0003]
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    **Abbreviation:** RCT, randomized controlled trial.

[^4]: **Abbreviations:** AE, adverse event; CS, Corticosteroid; SAE, serious adverse event.

[^5]: **Abbreviations:** CS, corticosteroid; NR, not reported; IBDU, IBD unclassified; Ret, retrospective; Pro, prospective.
